INTRODUCTION {#sec1-1}
============

Prostate cancer (PCa) is the most common cancer among men in the United States, with 161 360 newly diagnosed cases in 2017 (19% of all diagnosed cancer cases).[@ref1] Furthermore, the incidence and mortality of PCa in China have exhibited increasing trends during recent years.[@ref2] Conventional screening and diagnostic techniques for PCa include digital rectal examination, prostate-specific antigen (PSA) testing, and transrectal ultrasound (TRUS)-guided biopsy. In addition, multiparametric magnetic resonance imaging (mpMRI) is useful for detecting PCa.[@ref3][@ref4][@ref5]

In 2012, the European Society of Urogenital Radiology introduced the Prostate Imaging Reporting and Data System version 1 (PI-RADS v1) to classify mpMRI findings.[@ref6][@ref7] A meta-analysis revealed that PI-RADS v1 provided high accuracy for diagnosing PCa, although substantial heterogeneity was detected because of differences in the use of PI-RADS.[@ref8] Thus, a standardized and globally acceptable second version (PI-RADS v2) was developed through an international collaboration of the American College of Radiology, European Society of Urogenital Radiology, and the AdMetech Foundation.[@ref9][@ref10][@ref11] A comparison of the two versions revealed that PI-RADS v2 is simpler and more accurate for use in clinical practice[@ref11] and has subsequently been validated in various clinical studies.[@ref12][@ref13][@ref14][@ref15]

However, there can be some pitfalls associated with PI-RADS v2 in the detection of PCa.[@ref16] In addition, overdiagnosis and overtreatment are important problems for identifying and managing patients with PCa and clinically significant PCa (CSPCa).[@ref17] To our knowledge, few studies have evaluated its performance among men exhibiting serum PSA levels in the "gray zone" (4--10 ng ml^−1^).[@ref18] Therefore, the present study examined the ability of PI-RADS v2 to identify PCa and CSPCa among men and those in the PSA gray zone. This information, in turn, may help prevent unnecessary invasive procedures.

PATIENTS AND METHODS {#sec1-2}
====================

 {#sec2-1}

### Patient population {#sec3-1}

The protocol for this retrospective single-center study was approved by the Ethics Committee of the Tongji Hospital of Tongji Medical College, Huazhong University of Science and Technology (Wuhan, China). All patients enrolled in the study signed a consent form for the procedure. Between January 2015 and July 2017, 334 patients underwent mpMRI at the Tongji Hospital and had available histopathological data. However, 26 patients were excluded because of previous prostate surgery (17 patients), biopsy before the mpMRI (3 patients), anti-androgen therapy at the time of biopsy (5 patients), and nonuse of PI-RADS v2 (1 patient). Thus, data from 308 consecutive patients (355 lesions) were included. The patients were divided into one of the three groups according to serum total PSA (tPSA) levels: normal (\<4 ng ml^−1^), gray zone (4--10 ng ml^−1^), and high (\>10 ng ml^−1^). All clinical data of these patients were then analyzed.

### MRI technique and reporting {#sec3-2}

All included patients underwent mpMRI, which involved T2-weighted imaging, diffusion-weighted imaging, and dynamic enhancement using a 3.0-T system (MAGNETOM Skyra; Siemens, Medical Solutions, Erlangen, Germany). The imaging was performed using an 18-element body coil above the pelvis and a spine coil underneath the pelvis. The mpMRI parameters are shown in **Supplementary Table 1**. The findings were re-reported and scored by a single experienced radiologist using PI-RADS v2.[@ref9]

###### 

Parameters of multiparametric magnetic resonance imaging

###### 

Click here for additional data file.

### Pathology {#sec3-3}

All specimens were obtained after prostate surgery, which involved radical prostatectomy, transurethral resection of the prostate, transurethral enucleation and resection of the prostate, and/or TRUS-guided 12+X core biopsy (TRUS-guided 12-core systematic biopsy combined with TRUS-guided targeted biopsy and cognitive MRI fusion-guided targeted biopsy). TRUS-guided biopsy was performed using a 2102 BK Ultrasound system (BK Medical A/S, Herlev, Denmark). The specimens were fixed in 40% buffered formalin (AS1055A; Wuhan Aspen Biotechnology Co., ltd., Wuhan, China), embedded in paraffin (M5904; Shanghai Shanran Biotechnology Co., ltd., Shanghai, China), cut into 4-μm slices, and stained using hematoxylin and eosin (AS1018; Wuhan Aspen Biotechnology Co., ltd.). Experienced pathologists performed the histopathological assessments and categorized the results as PCa (with Gleason grade), atypical glands, or no cancer (*e.g*., benign prostate tissue, benign prostatic hyperplasia, and prostatitis). The postoperative pathological report was considered to be the final pathological results for the patients who underwent both TRUS-guided biopsy and surgery. CSPCa was defined as a Gleason score of ≥3+4, tumor volume ≥0.5 cm^3^, or tumor category ≥T3 according to the Epstein criteria.[@ref19][@ref20] The locations of the suspicious focal area of the mpMRI were compared with the site in the pathological section, and the PI-RADS v2 scores and pathological results of each focal area were determined and matched.

### Statistical analyses {#sec3-4}

The factors evaluated for PCa and CSPCa included age, tPSA, prostate volume, PSA density (PSAD), and PI-RADS v2 score. Continuous data were reported as median and interquartile range, while categorical data were reported as number and percentage. Univariate and multivariate analyses were performed using logistic regression analysis to determine significant predictors of PCa and CSPCa. Diagnostic performance was evaluated using sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy, which were reported with the 95% confidence intervals (CIs). Receiver operating characteristic (ROC) analysis was used to evaluate the area under the ROC curve (AUC). Mann--Whitney U-test was carried out to evaluate the detection rates of PI-RADS v2 scores.

For better application in individual risk evaluation, two predictive models were constructed to predict the presence of CSPCa in all patients (model 1) and patients in the PSA gray zone (model 2) based on multivariable logistic analysis. Model 1 was constructed by a statistical association including tPSA and PI-RADS v2 score, whereas model 2 included PSAD and PI-RADS v2 score. Decision curve analysis was performed using R version 3.1.3 (R foundation for Statistical Computing, Vienna, Austria). Other analyses were performed using IBM SPSS software (version 19.0; IBM Corp, Armonk, NY, USA), the MedCalc statistical software (version 15.2; MedCalc Software bvba, Ostend, Belgium) and the OpenEpi website (version 3.01).[@ref21] *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

The 308 patients with 355 lesions included in the final analysis were grouped according to PSA level as follows: normal (*n* = 35 \[44 lesions\]), gray zone (*n* = 80 \[102 lesions\]), and high (*n* = 193 \[209 lesions\]). The characteristics of all patients and patients in the subgroups are shown in **[Table 1](#T1){ref-type="table"}**. The histopathological outcomes, stratified according to PI-RADS v2 score, and the detection rates of all patients and patients in the PSA gray zone for PCa and CSPCa are shown in **Supplementary Table 2** and **3**. Diagnostic performance for PCa and CSPCa in all patients and patients in the subgroups for two different cutoff points (PI-RADS v2 score 4 versus 5) is shown in **Supplementary Table 4**.

###### 

The characteristics of all patients and each subgroup
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###### 

The histopathological outcomes of all patients stratified by Prostate Imaging Reporting and Data System version 2 score and the detection rates of prostate cancer and clinically significant prostate cancer

###### 

Click here for additional data file.

###### 

The histopathological outcomes of patients in the prostate-specific antigen gray zone stratified by Prostate Imaging Reporting and Data System version 2 score and the detection rates of prostate cancer and clinically significant prostate cancer

###### 

Click here for additional data file.

###### 

The diagnostic performance of prostate cancer and clinically significant prostate cancer in each groups for cutoff point of Prostate Imaging Reporting and Data System version 2 score 4 and 5

###### 

Click here for additional data file.

 {#sec2-2}

### Univariate and multivariate analyses of risk factors for PCa and CSPCa {#sec3-5}

The univariate logistic regression analysis demonstrated that tPSA, PSAD, and PI-RADS v2 score demonstrated significant predictive value for PCa and CSPCa among all patients (**[Table 2](#T2){ref-type="table"}**). The tPSA and prostate volume data were excluded from the multivariate analysis to avoid confounding. The multivariate logistic regression analysis revealed that PI-RADS v2 score and PSAD were independent predictors of PCa and CSPCa (**[Table 2](#T2){ref-type="table"}**).

###### 

Univariate and multivariate logistic regression analyses to detect prostate cancer and clinically significant prostate cancer
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### Performance of the PI-RADS v2 system among all patients {#sec3-6}

Among all patients, the pathological detection rates for PCa using PI-RADS v2 scores of 1--5 were 5.0%, 6.3%, 17.0%, 58.3%, and 95.1%, respectively. For CSPCa, the detection rates were 0, 2.8%, 10.6%, 54.2%, and 91.8%, respectively (**Supplementary Table 2**).

For PCa, the AUC of PI-RADS v2 was 0.932, which was slightly higher than that of PSAD (0.903) and tPSA (0.867), and noticeably higher than that of age (0.626) and prostate volume (0.596) ([**Figure 1a**](#F1){ref-type="fig"}). For CSPCa, similar to the above result, the AUC of PI-RADS v2 (0.949) was slightly higher than that of PSAD (0.921) and tPSA (0.889), and noticeably higher than that of age (0.607) and prostate volume (0.584) ([**Figure 1b**](#F1){ref-type="fig"}).

![ROC analyses of each factor in all patients for (**a**) PCa and (**b**) CSPCa, and in patients with PSA in gray zone for (**c**) PCa and (**d**) CSPCa. ROC curves show diagnostic accuracy of age (blue line), tPSA (green line), prostate volume (gray line), PSAD (purple line), and PI-RADS v2 score (red line). ^\*^There was a significant difference compared with the AUC of PI-RADS v2. AUC: area under the ROC curve; CSPCa: clinically significant prostate cancer; PCa: prostate cancer; PI-RADS v2: Prostate Imaging Reporting and Data System version 2; PSAD: prostate-specific antigen density; PV: prostate volume; ROC: receiver operating characteristic; tPSA; total prostate-specific antigen.](AJA-20-459-g003){#F1}

Results of the decision curve analysis demonstrated that the net benefit of PI-RADS v2 score was higher than tPSA (*P* = 0.43 and *P* = 0.43), PSAD (*P* = 0.52 and *P* = 0.51), prostate volume (*P* = 0.02 and *P* = 0.02), and age (*P* = 0.03 and *P* = 0.02), for PCa and CSPCa, respectively. Compared with these factors, model 1 had a superior net benefit, both for PCa and CSPCa (Figure [**2a**](#F2){ref-type="fig"} and [**2b**](#F2){ref-type="fig"}).

![Decision curve analysis of each factor in all patients for (**a**) PCa and (**b**) CSPCa, and in patients with PSA in gray zone for (**c**) PCa and (**d**) CSPCa. DCA curves show net benefit of age (blue line), tPSA (green line), prostate volume (yellow line), PSAD (purple line), PI-RADS v2 score (red line), and model 1 and model 2 (black line). Model 1 is constructed by a statistical association including tPSA and PI-RADS v2 score, whereas model 2 includes PSAD and PI-RADS v2 score. CSPCa: clinically significant prostate cancer; DCA: decision curve analysis; PCa: prostate cancer; PI-RADS v2: Prostate Imaging Reporting and Data System version 2; PSAD: prostate-specific antigen density; PV: prostate volume; tPSA: total prostate-specific antigen.](AJA-20-459-g004){#F2}

A PI-RADS v2 score of ≥4 provided sensitivity for PCa of 87.84%, specificity of 92.27%, PPV of 89.04%, NPV of 91.39%, and diagnostic accuracy of 90.42%. For CSPCa, it provided sensitivity for PCa of 93.28%, specificity of 90.50%, PPV of 85.62%, NPV of 95.69%, and diagnostic accuracy of 91.55% (**Supplementary Table 4**).

### Performance of the PI-RADS v2 system for patients in the PSA gray zone {#sec3-7}

Among patients in the PSA gray zone, the pathological detection rates for PCa using PI-RADS v2 scores of 1--5 were 0, 7.5%, 10.0%, 33.3%, and 66.7%, respectively. For CSPCa, the detection rates were 0, 3.8%, 10.0%, 33.3%, and 66.7%, respectively (**Supplementary Table 3**).

The AUCs for PCa were 0.794 using PI-RADS v2 and 0.737 using PSAD, which were noticeably higher than the values for prostate volume (0.699), age (0.593), and tPSA (0.574) ([**Figure 1c**](#F1){ref-type="fig"}). Similarly, for CSPCa, the AUC of PI-RADS v2 was 0.855, which was higher than that of PSAD (0.726) and noticeably higher than that of prostate volume (0.678), tPSA (0.617), and age (0.582) ([**Figure 1d**](#F1){ref-type="fig"}).

The results of the decision curve analysis demonstrated that the net benefit of PI-RADS v2 score was slightly higher than PSAD (*P* = 0.32 and *P* = 0.16), prostate volume (*P* = 0.48 and *P* = 0.20), and age (*P* = 0.0.33 and *P* = 0.17), for PCa and CSPCa, respectively. And, model 2 had a similar net benefit to PI-RADS v2 score (**Figure [2c](#F2){ref-type="fig"}** and [**2d**](#F2){ref-type="fig"}).

For patients in the PSA gray zone, a PI-RADS v2 score of ≥4 provided sensitivity for PCa of 60.00%, specificity of 89.66%, PPV of 50.00%, NPV of 92.86%, and diagnostic accuracy of 85.29%. For CSPCa, it provided sensitivity of 69.23%, specificity of 89.89%, PPV of 50.00%, NPV of 95.24%, and diagnostic accuracy of 87.25%. When we considered a PI-RADS v2 score of 5 as the threshold for CSPCa, it provided sensitivity of 46.15%, specificity of 96.63%, PPV of 66.67%, NPV of 92.47%, and diagnostic accuracy of 90.20% (**Supplementary Table 4**).

### Establishment and evaluation of the prediction model {#sec3-8}

[**Figure 3**](#F3){ref-type="fig"} shows the detection rates of CSPCa in each category classified according to tPSA (normal, gray zone, and high), PSAD (\<0.15 ng ml^−1^ cm^−3^ or ≥0.15 ng ml^−1^ cm^−3^ in gray zone PSA group), and PI-RADS v2 score. The categories of PI-RADS score 5 and PSAD ≥0.15 ng ml^−1^ cm^−3^ with tPSA in the gray zone (4--10 ng ml^−1^), or PI-RADS score ≥4 with high tPSA level (\>10 ng ml^−1^) were defined as the high-risk group (red zones) with detection rates of 75%--95% for CSPCa. In contrast, the categories of PI-RADS score \<4 with normal tPSA level (0--4 ng ml^−1^), PI-RADS score \<4 and PSAD \<0.15 ng ml^−1^ cm^−3^ with tPSA in the gray zone, PI-RADS score \<3 and PSAD ≥0.15 ng ml^-1^ cm^-3^ with tPSA in the gray zone, or PI-RADS score \<3 with high tPSA level were defined as low-risk (green zones), with detection rates of 0--8% for CSPCa. Others were defined as moderate risk (yellow zones), with detection rates of 15%--40% for CSPCa. The detection rates for PCa and CSPCa of patients with low, moderate, and high risk were 6.1% and 2.2%, 29.2% and 22.9%, and 96.1% and 93.0%, respectively.

![Clinically significant prostate cancer detection rates stratified by the combination of PI-RADS v2 score, tPSA, and PSAD. Green, yellow, and red zones indicate low-, moderate- and high-risk groups, respectively. PI-RADS v2: Prostate Imaging Reporting and Data System version 2; PSAD: prostate-specific antigen density; tPSA: total prostate-specific antigen.](AJA-20-459-g005){#F3}

DISCUSSION {#sec1-4}
==========

The present study revealed that the PI-RADS v2 score was an independent predictor for both PCa and CSPCa, and a PI-RADS v2 score ≥4 was useful for PCa screening, based on high values for sensitivity, specificity, PPV, and NPV. Furthermore, ROC curve analysis revealed that PI-RADS v2 was slightly more effective than PSA or PSAD for screening ([**Figure 1**](#F1){ref-type="fig"}). This conclusion was similar to those of several previous studies.[@ref11][@ref15][@ref22][@ref23][@ref24] Subsequently, the patients were divided into one of three groups according to tPSA level and we found that in both the normal PSA and high PSA groups, the parameters of the diagnostic performance were high for both PCa and CSPCa (**Supplementary Table 4**). This suggests that PI-RADS v2 has a good predictive value for PCa after preliminary screening of PSA levels.

Particularly, among patients in the PSA gray zone, PI-RADS v2 retained its good diagnostic performance with a high diagnostic accuracy. Using a PI-RADS v2 score ≥4 provided high specificity (89.66% and 89.89%) and NPV (92.86% and 95.24%), with moderate sensitivity (60.00% and 69.23%) and low PPV (50.00% and 50.00%), for PCa and CSPCa, respectively. Furthermore, despite a lower sensitivity (46.15%), changing the threshold to 5 provided the persistently high specificity (96.63%) and NPV (92.47%) for CSPCa. This finding highlights the possibility that CSPCa can be ruled out in a large number of patients, which can prevent unnecessary invasive treatment for patients in the PSA gray zone and PI-RADS v2 score ≤4.

It is worth noting that the sensitivity was unexpectedly low in patients with PSA levels in the gray zone. This may be related to the composition of the study group. Abnormal PSA levels may be caused by many conditions such as prostatitis and hemorrhage, among others, resulting in the low specificity and high false positive rate for PSA.[@ref25] On the other hand, prostatitis, granuloma, abscess, and hemorrhage may represent pitfalls in prostate mpMRI, which leads to the results of PI-RADS inconsistent with reality.[@ref16] Among the 102 lesions in patients in the PSA gray zone group, 66 were histopathologically diagnosed as benign prostatic hyperplasia, 3 prostatitis, 9 benign prostatic hyperplasia with prostatitis, 1 granuloma, and 1 hemorrhage. This may not only lead to an elevation in PSA levels but also lead to higher PI-RADS scores, resulting in an increase in the false positive rate and a decrease in the sensitivity of PI-RADS. This, therefore, requires clinicians and radiologists to make a comprehensive judgment based on other clinical features and to further evaluate and modify the PI-RADS score and diagnosis.

Mertan *et al*.[@ref14] prospectively evaluated the detection rates for various PI-RADS v2 scores, and reported that a PI-RADS v2 score of 5 had a better detection rate (78%), compared to a score of 4 (30%). The detection rates in the present study were higher (95.1% for a score of 5 and 58.3% for a score of 4), which may be related to differences in PCa staging between the Chinese and Western populations. For example, most Chinese patients present with mid-to-late stage PCa,[@ref26] which would be associated with clearer and more typical lesions that are assigned higher scores. Nevertheless, the detection rates for CSPCa using a score of 3 were relatively low in both Mertan *et al*.\'s[@ref14] study and the present study. This finding is not in agreement with the system\'s design which indicates that "clinically significant cancer is equivocal,"[@ref9] and similar findings were reported by Mertan *et al*.[@ref14] Thus, PI-RADS v2 should not be confined to its description in the clinical setting. Woo *et al*.[@ref27] investigated the number of patients who were downgraded after radical prostatectomy in each PI-RADS score group and reported that 4/8 (50.0%), 4/49 (8.2%), and 2/47 (4.3%) of patients were downgraded with PI-RADS scores 3, 4, and 5, respectively, meaning that one-half of patients with a PI-RADS score of 3 may be candidates for active surveillance. The present study revealed a CSPCa detection rate of 10.6% among all patients and 10.0% among patients in the PSA gray zone, supporting a similar conclusion. The PI-RADS v2 scoring system no longer included clinical factors, and was completely dependent on mpMRI,[@ref28] which made the report and score more objective. However, in practice, clinicians should take clinical factors into consideration, regard the score as one of the risk stratification indicators, and devote special attention to patients with a PI-RADS score of 3.

The insignificant lesions (Gleason score 6) appear to be clinically indolent and could be considered as "low-risk" PCa.[@ref27] Active surveillance, which monitors for signs of progression rather than immediately treating the disease after diagnosis, can be a feasible and safe option for patients with insignificant lesions.[@ref27][@ref29][@ref30] Recently, the Prostate Cancer Radiological Estimation of Change in Sequential Evaluation (PRECISE) panel develops recommendations for MRI to assess the natural history of MRI findings and, thus, facilitate the determination of thresholds that identify radiologically significant disease in men undergoing active surveillance for PCa so that these patients can receive the appropriate treatment.[@ref31] A few groups have reported that improved diagnostic performance and avoidance of unnecessary biopsy can be achieved by combining PI-RADS with other markers, such as PSAD,[@ref32] lesion volume,[@ref33] and the prostate cancer antigen 3 (*PCA3*) gene.[@ref34][@ref35] For this purpose, we stratified patients according to serum tPSA levels, followed by the prediction and diagnosis of PCa based on mpMRI findings and PI-RADS v2 reports. Notably, the present study revealed that PI-RADS was useful among patients in the PSA gray zone with high diagnostic accuracy and NPV for CSPCa, suggesting that the PI-RADS v2 score system can help to prevent unnecessary invasive treatment among patients in the PSA gray zone. Nevertheless, PSA remains an important marker for identifying men with an increased risk for PCa.[@ref36] Thus, we confidently recommend active surveillance for patients in the PSA gray zone with a PI-RADS v2 score of 4, while care is needed to detect CSPCa in patients with a score of 5, although there was no significant difference between detection rates of PI-RADS v2 scores 4 and 5 (*P* = 0.221). This approach may be effective for identifying the candidate for active surveillance without overdiagnosis and overtreatment, although it should be verified in further prospective studies.

Furthermore, we designed a prediction model that combines PI-RADS, tPSA, and PSAD. It showed that the low-risk group yielded detection rates of 6.1% and 2.2%, the moderate-risk group yielded detection rates of 29.2% and 22.9%, and the high-risk group yielded detection rates of 96.1% and 93.0% for PCa and CSPCa, respectively. This indicated that this model could predict the presence of PCa and CSPCa well, which provided a more certain way of predicting the presence of PCa. In the future, combining various clinical factors with PI-RADS score may better identify patients who can avoid unnecessary invasive procedures.

This study had several limitations, the first of which was its retrospective design, which is associated with a risk for selection bias. Second, various approaches were used to obtain the pathological specimens because some of the patients did not conform to surgical indications due to metastasis, old age, or patient refusal. We attempted to minimize the risk for bias using whole-mount pathology as the reference standard, and the biopsies as a supplement to more closely reflect the patient\'s structure. Third, the number of patients included in our study was small, which may have underpowered the predictive value and, thus, larger-scale data are needed to validate our findings. Fourth, the PI-RADS v2 scores were assigned only by a single radiologist, although that person had 17 years' experience in uroradiology, and previous studies have indicated that PI-RADS v2 has good interobserver agreement.[@ref11][@ref15][@ref37][@ref38]

CONCLUSIONS {#sec1-5}
===========

The PI-RADS v2 demonstrated good performance for detecting PCa among all patients and those in the PSA gray zone; thus, PI-RADS v2 may be useful in preventing unnecessary invasive procedures. Furthermore, our results suggest that the PI-RADS score should not be confined to its description, and the combination of PI-RADS v2 score with PSA and PSAD could be helpful for the prediction and diagnosis of PCa and CSPCa.
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